Several procedures exist for processing sperm cells for sex preselection. Flow cytometric separation using the fluorochrome stain Hoechst 33342, chemically known as bisbenzimide, is the most promising. The objective of this study was to determine the effect of bisbenzimide on spermatozoa assessed by means of the sperm survival test and to analyse the p-globin gene in sperm DNA after exposure to increasing concentrations of bisbenzimide. Donor (n = 16) sperm specimens were pooled and washed in a discontinuous Percoll gradient 95:47%, divided and incubated in tubes containing bisbenzimide at concentrations 0 (control), 0.9, 9, 90, 900 and 9000 uJvl at 25°C and scanned on a computer-aided sperm motility analyser at 0, 1, 4 and 24 h. Spermatozoa were also incubated in a known mutagen, ethidium bromide, as positive control. After 24 h of incubation, the treated sperm cells were processed through DNA extraction and polymerase chain reaction (PCR) performed with primers targeting the p-globin gene. The amplified DNA products were analysed for evidence of mutation in 5% polyacrylamide gel electrophoresis and 20:80 denaturing gradient gel electrophoresis (DGGE) and further confirmed in 30:40 DGGE. The results showed complete cessation of motility in sperm incubated in the presence of 900 uJVI or higher concentrations of bisbenzimide. The beat cross frequency sperm parameter was significantly different at the 90 uM or higher concentration of bisbenzimide compared with the control. At concentrations <900 uJvl bisbenzimide, there were no differences in the remaining sperm kinematic parameters (percentage rapid progressive, percentage total progressive, sperm velocities, linearity, straightness, amplitude of lateral head displacement and percentage hyperactive motility). PCR and DGGE analyses of spermatozoa treated with bisbenzimide showed no evidence of mutation in the representative region of the p-globin gene at concentrations <900 |iM. The data suggest an inhibitory effect of bisbenzimide on human sperm motility at 900 uJvl or higher concentrations of bisbenzimide. The decrease in sperm motility and rapid progression were not due to changes in pH. Point mutation in the representative region of the p-globin gene in human spermatozoa was detected only at high concentrations (^ 900 u.M) of bisbenzimide. The data suggest that incubating sperm in low concentrations of bisbenzimide (<90 uM) for up to 24 h does not significantly affect all the sperm kinematic parameters including the beat cross frequency parameter when compared with the control.
Introduction
Several procedures exist for processing sperm cells for sexpreselection in preventing X-linked diseases and infanticide practised in some countries (Johnson et ai, 1993; Liu and Rose, 1995) . These include multi-layer discontinuous Percoll gradient centrifugation, albumin column or sephadex gel filtration processing and flow cytometry (Fantes et ai, 1983; Johnson et ai, 1993) . Of these, flow cytometric separation of X and Y spermatozoa is the most promising and the sorting is based on the DNA of X spermatozoa having 2.8% more than the Y spermatozoa (Sumner and Robinson, 1976; Johnson et ai, 1993; Edwards and Beard, 1995) . In flow cytometry,
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© European Society for Human Reproduction and Embryology the fluorochrome used in the staining of the spermatozoa is Hoechst 33342, chemically known as bisbenzimide. Various concentrations of this compound have been used in the procedure without logical standardization (Johnson et ai, 1987; Morrell and Dresser, 1989; Johnson et ai, 1993; Levinson et ai, 1995) . Moreover, concerns have been raised regarding bisbenzimide and UV irradiation causing mutation or chromosomal damage in the spermatozoa (Edwards, 1954 (Edwards, , 1957 Libbus et al., 1987; Tsunoda et al., 1988; Morrell and Dresser, 1989; Ashwood-Smith, 1994; Johnson and Schulman, 1994) . Information on the toxicity of bisbenzimide on spermatozoa is lacking. With the advent of computer-aided sperm motility analysers such as the Hamilton-Thorn HTM-C analyser, it is now possible to objectively determine the sperm kinematic parameters after exposure to bisbenzimide over a period of several hours. Hence, the objectives of the present study are to determine the toxicity of the fiuorochrome, bisbenzimide, on spermatozoa using the sperm motility test or sperm survival test and to analyse a representative region of the {5-globin gene in sperm DNA after exposure to increasing concentrations of bisbenzimide. The information obtained will assist practitioners of flow cytometry in avoiding concentrations of bisbenzimide that may cause adverse effects on spermatozoa.
Materials and methods
Sperm cells were obtained from cryopreserved-thawed specimens from several donors (n = 18) and the thawed specimens were pooled and processed through the two layer 95:47% discontinuous Percoll gradient centrifugation to remove debris. The culture medium used throughout was HEPES-modified Human Tubal Fluid (HTF; Irvine Scientific, Irvine, CA, USA). Serum albumin was not used except as a drop of 5% human serum albumin fraction V in HTF solution to wet the glass slide to prevent motile spermatozoa from sticking to the glass slide during analysis.
The Percoll wash procedure (McClure et al., 1989) consisted of layering the semen on top of a discontinuous two layer Percoll gradient in a 15 ml centrifuge tube. The bottom layer consisted of 1.5 ml of 95% isotonic Percoll while the next uppermost layer was 1.5 ml of 47% isotonic Percoll. The gradients were centrifuged at 300 g for 20 min and the bottom layer (1.5 ml) along with the pellet was added with an equal volume of culture medium and equally divided into several centrifuge tubes. The tubes were recentrifuged and each pellet was resuspended in concentrations of 0 (control), 0.9, 9, 90, 900 or 9000 U. M bisbenzimide (Hoescht 33342; ICN Biomedicals Inc., Aurora, OH, USA) prepared in HTF culture medium. We did not experience any difficulty in dissolving bisbenzimide in HTF medium and harsh agents such as dimethyl sulphoxide (DMSO) were avoided as they were not suitable for flow sorting . Aliquots of the sperm pellets were also resuspended in 0.9, 9, 90, 900 and 9000 \iM of ethidium bromide, a known mutagen, as a positive control.
Sperm kinematic parameters were measured on the Hamilton Thorn HTM-C computer-aided sperm analyser (CASA) as previously reported (Chan el al., 1994) . All motility analyses were carried out using aliquots (10 u.1 each) of the treated sperm specimens in 20 urn deep glass slides with cover slips prewarmed at 37°C on a slide warmer.
DNA was extracted from sperm cells using a standard digestion procedure (Chan et al., 1994) . Aliquots of sperm DNA from each treatment (n = 7) were denatured by heating for 7 min at 95°C and each aliquot (10 |il) was added to the polymerase chain reaction (PCR) cocktail (Perkin Elmer Cetus, Norwalk, CT, USA) containing 1 uM of each pair of primers targeting the P-globin gene (242 bp), 2.5 IU Taq polymerase enzyme (AmpliTaq; Perkin Elmer Cetus) and 50 \i\ mineral oil. The PCR was carried out in a Perkin Elmer Cetus Thermal Cycler. The parameters for the (i-globin amplification were: 30 step cycles with 30 s denaturation at 94°C, 1 min annealing at 55°C and 30 s extension at 72°C. A final extension was done at 72°C for 7 min.
Each amplified product was extracted from the reaction tube using 100 (il of chloroform and processed through 5% polyacrylamide gel electrophoresis to screen for gross deletion or large magnitude mutation. The separated bands were stained in ethidium bromide and visualized and photographed in UV light. For each acrylamide run, the HaeTH digest of plasmid 0X174 served as the marker.
Detection of point mutation, frame shift or base substitution mutation was determined using denaturing gradient gel electrophoresis (DGGE) as previously reported (Gray, 1992) . Briefly, a 40% acrylamide stock solution was prepared from 38.96 g acrylamide, 1.04 g bis(N,N'-methylene-bis-acrylamide) in 100 ml solution. A 100% acrylamide stock solution was prepared from 16.25 ml of the 40% solution, 2 ml 50 X (50 times concentrate) Tris-acetateethylenediaminetetraacetic acid (TAE; 0.04 M Tris-acetate with 0.001 M EDTA), 42 g urea, 40 ml formamide, and water in 100 ml solution. The third stock solution, the 0% solution was prepared from 16.25 ml of 40% acrylamide solution, 2 ml 50X TAE and water for a final 100 ml volume. The range of denaturant was from 20-80% acrylamide solutions for the screening DGGE and 30-40% for the narrowed-range DGGE. From the first three stock solutions, the final 20% solution was prepared from 4 ml of the 100% stock and 16 ml of 0% stock solution. The final 80% solution was prepared from 16 ml of the 100% stock and 4 ml of the 0% stock. The 30% and 0% solutions were prepared in a similar fashion. Each of the solutions was deaerated and supplemented with 10 ul TEMED (N,N,N',N'-tetramethyethylenediamine) and 100 (il of 20% ammonium persulphate and poured into a glass plate sandwich set-up (80% at the bottom decreasing to 20% at the top). Each set gel was placed into a 60°C heated aquarium containing 1X TAE solution. The amplified products were mixed with 5X loading buffer (bromphenol blue and glycerol) and pipetted into the wells. The control consisted of amplified DNA generated from untreated spermatozoa. The specimens were allowed to be drawn into the gel for 20 min at 85 V. Following this, a heated circulating pump was started and the electrophoresis continued for 8 h. The gel was stained in ethidium bromide and visualized under UV light. Photographs were taken and the results recorded and analysed.
Statistical analysis
The data from the sperm kinematic experiment for the bisbenzimide treatments are presented as mean ± 1 SD ( Table I ). The experiment to determine sperm kinematic measurements was performed in duplicate. All kinematic analyses were performed by the same person using the same method described above. The data were analysed by means of a computer program for analysis of variance; repeated measures where the fixed effect factors for analysis were bisbenzimide concentration (0, 0.9, 9, 90, 900 |iM) and incubation time (1,4 and 24 h), followed by Tukey's Q-test of significant difference between the means. P <0.05 was considered to be significant.
Results
The results showed complete cessation of sperm motility at 900 |iM or higher concentrations of bisbenzimide. There were no significant differences in sperm motility at lesser concentrations of bisbenzimide (Table I ). The beat cross frequency sperm parameter was significantly different at the 90 (iM or higher concentration of bisbenzimide compared with the control. At concentrations <900 |J.M bisbenzimide, there were no differences in the remaining sperm kinematic parameters (percentage rapid progressive, percentage total progressive, sperm velocities, linearity, straightness, amplitude of lateral head displacement and percentage hyperactive motility). Parallel studies with ethidium bromide showed comparable alterations in sperm kinematic parameters compared with bisbenzimide.
PCR followed by polyacrylamide gel electrophoresis analysis of sperm DNA after bisbenzimide treatment showed
Analysis of fluorochrome stain Hoechst 33342 on human spermatozoa
Tfcble I. Sperm kinematic parameters in the presence of different concentrations of bisbenzimide (Hoechst 33342) at 0. 1, presented as mean ± SD. Points for 900 uM and 9000 |iM bisbenzimide are at zero motility 10.5 ± 6.5 6.1 ± 1.2 6.7 ± 1.2 7.8 ± 1.6 9.6 ± 0 *P <0.05.
no gross mutations or missing bands in the {3-globin gene at all concentrations of bisbenzimide tested. Unlike conventional polyacrylamide gel electrophoresis, denaturing gradient gel electrophoresis is quite sensitive in determining minute changes in DNA based on melting point differences caused by point mutations. In this study, this was manifested as a slight but noticeable retardation in the band of the affected DNA. Such a shift was observed in the sperm DNA treated with 900 and 9000 \iM bisbenzimide (Figure 1 ). Loss of heterozygosity in alleles were not observed in the analysis. The positive control (Figure 2 ) consisting of ethidium bromide tested at increasing concentrations also showed point mutation band-shifts but at 90 (J.M or higher concentrations of ethidium bromide.
Discussion
Fluorochromes such as bisbenzimide have been used in the flow cytometric procedure to separate X and Y spermatozoa for gender selection (Johnson et ai, 1987 (Johnson et ai, , 1993 Levinson et ai, 1995) . In this report, the effect of bisbenzimide on sperm kinematic parameters was objectively quantified using a computer-aided sperm motility analyser. The result suggested that human sperm motility was adversely affected after 1 h of incubation in 900 \iM or higher concentrations of bisbenzimide. At lower concentrations of bisbenzimide, there were no significant dose dependent effects on sperm motility and other sperm kinematic parameters except for the beat cross frequency parameter which was affected at the lower concentration of 90 \iM. The cessation of motility at higher concentrations was not due to changes in the pH of the culture medium as measurements of pH indicated no difference from the control medium. At present, the reported concentration of bisbenzimide used in the flow cytometric X-Y separation procedures is 1 h incubation in 9 (J.M bisbenzimide (Johnson et ai, 1987; 1993; Johnson and Clarke 1988; Morrell and Dresser, 1989) . The present study showed that there were no differences in motility parameters up to the 24 h period in 9 (iM bisbenzimide. Thus, the data suggested that in oligozoospermia cases, the present 9 )iM bisbenzimide will not be a factor on the number of motile spermatozoa recovered through flow cytometry. In this study, there was no evidence of mutagenicity of bisbenzimide at concentrations lower than 900 (iM as assessed using PCR analysis of the P-globin gene. The p-globin gene was chosen as a representative gene because it is commonly used as a control gene and because of the availability of the primers in this laboratory. Concerns about the possible mutagenicity or chromosomal damage attributed to bisbenzimide have been raised by several researchers (Ashwood-Smith, 1994; Johnson and Schulman, 1994) but testing in animal species revealed no abnormalities in 292 livebirths (Morrell and Dresser, 1989) . Furthermore, the first clinical human pregnancy resulting from applying the flow cytometric separation procedure and in-vitro fertilization (IVF) was recently reported (Levinson et al, 1995) and chorionic villus sampling testing validated the desired gender with no apparent abnormalities. However, questions concerning the effect of UV light such as that used in flow cytometry in potentiating the toxicity of bisbenzimide need to be answered in view of reported DNA damage from UV irradiation in spermatozoa (Edwards 1954 (Edwards , 1957 Libbus et al, 1987) and in other cell types (Tsunoda et al, 1988) .
In summary, the result showed that a 900 |iM or higher concentration of bisbenzimide caused a complete cessation of sperm motility which was not due to changes in pH. Sperm beat cross frequency parameter was affected at the 90 (J.M or higher concentration of bisbenzimide. At concentrations <900 (iM bisbenzimide, the remaining sperm kinematic parameters were not different when compared with the control. There was no evidence of mutation associated with bisbenzimide at concentrations <900 |J.M as assessed by its effect on a representative region of the P-globin gene in human spermatozoa. More studies will be needed to examine the other facets of bisbenzimide and the possible widespread application of this compound in flow cytometric X-Y separation of human spermatozoa.
